Gastric cancer (GC) is rich in many different histological types, but how the histological pattern is defined remains to be proved. The relation between GC histological types and the expression of nectin1, which is one of the cell adhesion molecules that composes adherens junction, has not been reported. According to a publicly available database of 406 GC patients, the median overall survival of Nectin1 high expression patients was 55.4 months and that of low expression patients was 25.6 months (P ¼ 0.0246). Using surgically or endoscopically resected GC samples, nectin1 expression was analyzed by immunohistochemistry. Nectin1 expressed at adherens junction in all the normal epithelial cells. However, nectin1 expressed not at adherens junction but at apical membrane in epithelial cells in intestinal metaplasia. The expression pattern of nectin1 in intestinal type GC resembled to intestinal metaplasia. In order to analyze the difference in nectin1 expression between GC histological types, a total of 116 intestinal type GC and 33 diffuse type GC. The expression of necitin1 in diffuse type GC (3.0%) was remarkably decreased compared to that in intestinal type GC (65.5%) (P < 0.0001). In conclusion, this is the first report showing an association between nectin1 expression and histological subtypes of GC.
Gastric cancer (GC) is the third highest mortality-causing cancer in the world 1 and the five-year survival rate is still less than 40% in Western countries. 2, 3 GC is rich in many different histological types. The survival rate of GC differs among the histological types. Lauren's diffuse type GC shows a shorter survival period than intestinal type GC, 4 although little is known about how histological variations of GC are formed. We speculated that GC histological types should be related to cell-cell junctional proteins' expression pattern, because gastric tissues consist of cells and interstitials. In fact, mutation of E-cadherin, which is one of the cell adhesion molecules, is highly associated with diffuse type GC. [5] [6] [7] [8] [9] [10] The difference of E-cadherin expression alone, however, cannot explain the variation of histological types. Shimoyama et al.
reported that undifferentiated-type and scattered-type gastric carcinomas, i.e. diffuse type GC, expressed E-cadherin to a considerable extent. 11 There should be other cell adhesion factors associated with histological types. It is worthy of note that nectin, which is one of the membrane transparent proteins, is composed of the adherens junction together with Cadherin. 12, 13 The nectin family has four types of nectins, i.e. nectin1, nectin2, nectin3, nectin4, and five types of nectin-like molecules (necls).
14 Nectin can be a critical factor defining GC histological types, because nectin mediated cell adhesion occurs prior to E-cadherin mediated cell adhesion. 15 There are only a few papers that report the association between nectins and GC, but they did not use clinical samples. 16, 17 Thus, we investigated the relationship between nectin1 expression and GC histological subtypes in clinical samples. This study can shed light on the defining mechanism of GC histological patterns.
MATERIALS AND METHODS

Bioinformatical analysis
The association of nectin1 expression and "overall survival (OS)" were analyzed by Kaplan-Meier curve and log-rank test using cBioPortal. 18, 19 The analyzed set was stomach adenocarcinoma "TCGA Provisional" and RNA-seq V2 data. The patients whose follow-up periods were not available were excluded. The subjects were divided into upper and lower halves in accordance with the z-score of nectin1.
When the z-score of nectin1 was higher than 0, the patient was classified as nectin1 high expression and the remainder were classified as nectin1 low expression patients.
Tumor specimens
Formalin-fixed, paraffin-embedded blocks of GC were randomly selected from surgically resected tissues at 
Immunohistochemistry
Deparaffinization, rehydration and endogenous peroxidase inactivation of sections were performed as described previously. 21 Thereafter heat-induced epitope retrieval was performed in 1 mM EDTA(pH8) buffer in a pressure cooker for ten minutes. The sections were incubated with 1:200 nectin1 antibody (sc-21722; Santa Cruz, Dallas, TX, USA) for 16 h at room temperature. CSA II (K1497; Dako (Agilent Technologies), Santa Clara, CA, USA) was applied according to the maker's protocol, followed by three times PBS wash. The sections were visualized in 20 mg/dl 3,3'-diaminobenzidine tetrahydrochloride solution containing a drop of 30% H 2 O 2 . Nuclear counterstain was accomplished with Meyer's hematoxylin. The sections were observed under a light microscope. A pathologist (K.I.) evaluated membranous staining of all the sections. We defined as "positive" if more than 50% of cells among the cancer cells were positively stained, otherwise "negative".
RESULT
The association of nectin1 expression and overall survival in GC patients
Using The Cancer Genome Atlas (TCGA) stomach adenocarcinoma data set, a total patients(n ¼ 406) were divided into two groups based on z-score 0, 151 patients with high expression of nectin1 and 255 patients with low expression of nectin1. The median overall survival (OS) of high and low expression patients are 55.4 and 25.6 months respectively, indicating poor OS in the low expression group (Fig. 1 ).
Immunohistochemical evaluation of Nectin1 expression in non-cancerous gastric cells
We next analyzed Nectin1 protein expression by immunohistochemistry using formalin-fixed paraffin-embedded tissues in foveolar epithelium and intestinal metaplasia epithelium. In all the cells in foveolar epithelium were Nectin1-positive at the most apical part of the lateral membranes (Fig. 2b, c ). This part corresponded with the adherens junction. In contrast, the epithelial cells in intestinal metaplasia were Nectin1-positive at apical membranes (Fig. 2e, f) . This result suggests that localization of Nectin1 protein is shifted laterally to apical membranes when intestinal metaplasia occurs.
Immunohistochemical evaluation of nectin1 expression in GC cells
A total of 89 surgically resected tissues and 81 endoscopically resected tissues were analyzed. Based on the Japanese classification, they were classified as follows: 17 cases of papillary adenocarcinoma (pap); 99 cases of tubular adenocarcinoma (tub1 and tub2); 3 cases of mucinous adenocarcinoma (muc); 13 cases of signet-ring cell carcinoma (sig); 18 cases of solid type poorly differentiated adenocarcinoma (por1); and 20 cases of poorly Figure 1 The association between Nectin1 expression and overall survival in GC patients. Kaplan-meier curve analysis between Nectin1 high and low groups based on TCGA RNA-seq database. The upper line is Nectin1 high expression group and the lower line is Nectin1 low expression group. differentiated adenocarcinoma (por2). Typical nectin1 expression pattern in GC were shown in Figs. 3 and 4 . In tub1 and tub2, nectin1 expressed at apical membranes like intestinal metaplasia (Fig. 3b, c, e, f) . The nectin1 expression pattern was not different among the "intestinal phenotype tubular GC", "gastric and intestinal mixed phenotype tubular GC" and "gastric phenotype GC" (Table S1 ). Nectin1 seldom expressed in por and sig. "Positive" nectin1 staining was observed: 9 (52.9%) in pap; 48 (77.4%) in tub1; 19 (51.3%) in tub2; 1 (33.3%) in muc; 3 (16.7%) in por1; 1 (5%) in por2; and 0 (0%) in sig. These classified samples were converted into Lauren classification. Por1 and muc were omitted to minimize the misunderstanding of histological classification. Using the method used in the preceding study; 22 pap, tub1 and tub2
were classified into "Intestinal" type and por2 and sig were classified into "Diffuse" type. Regarding the Lauren classification, the nectin1 positive expression was observed in 76/116 (65.5%) of intestinal type GC and in 1/33 (3.0%) of diffuse type GC. The number of intestinal type GC that showed positive nectin1 expression was significantly larger than that of diffuse type GC (P < 0.0001) ( Table 1) .
DISCUSSION
In the current study, we show that lower nectin1 expression is related to poor OS in GC. In addition, nectin1 protein expression is significantly decreased in diffuse type GC compared with intestinal type GC. In foveolar epithelium, nectins strictly localize at the adherens junction, while E-cadherin expressed from the apical to the basal sides of lateral membrane. 14, 23 In our study, Nectin1 is localized at most apical side of lateral membrane in foveolar epithelium. It is interesting that Nectin1 localization in the lateral membrane of foveolar epithelium is changed into apical membrane in intestinal metaplasia. This can be a result caused by infection of
Helicobacter pylori, which disrupts the tight junction and causes loss of cell polarity. 24, 25 In GC, we found that Nectin1 is located at the apical membrane. The proportion of nectin1 positive expression cell was smaller in GC, especially in signet-ring cell carcinoma and poorly differentiated adenocarcinoma. Intestinal type GC showed tubule pattern and nectin1 expressed at the apical side of GC cells, i.e. the opposite side of stroma. Diffuse type GC, which did not show tubule pattern, expressed little nectin1. Tubule pattern formation seemed related to nectin1 expression. Loss of nectin1 expression was related to loss of tubule formation.
It is well known that cell polarity and cancer are related. 12 Three major polarity complexes; "PAR complex", "CRB complex" and "SCRIB complex" contributed to maintain cellular polarity. 12 The PAR complex is known to promote the establishment of the apical-basal membrane border. Par3, which is one of the main components of the PAR complex, interacted with nectin1. 26 Loss of nectin1 expression could cause loss of cell polarity. Because cell polarity is essential for epithelial morphogenesis and tissue homeostasis, the loss of cell polarity caused irregular arrangement of epithelial cells. It is, therefore, thought that the alteration of nectin1 caused histological pattern difference. We will investigate if there is relation between nectin1 and cell polarity and GC histological type in future study using other international multi center data.
One of the limitations of this study is that we cannot show the survival rate difference in accordance with nectin1 expression using our study subjects. We will investigate the relationship in our future study. Another limitation is that we cannot clarify whether the alteration of nectin1 expression causes histological type differences or nectin1 expression is defined by GC histological types. We will show whether the alteration of nectin1 expression affects GC histological types in the future.
In conclusion, we showed three findings. The first is that the patients with nectin1 low expression showed significantly poor OS compared to the patients with nectin1 high expression. The second is that nectin1 expression and GC histological types were associated and the proportion of nectin1 expression decreased in the order of non-cancerous tissue, intestinal type GC and diffuse type GC. The last is that the localization of nectin1 in intestinal metaplasia was different from that of foveolar epithelium. This study can give information about the defining mechanism of GC histological subtypes.
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